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The London Olympic Parkland represents a substantial area of redevelopment with the potential to signiﬁcantly modify urban
temperatures. This paper illustrates a neighbourhood-scale model of the type that can be used to analyse the impact of large
developments on the urban heat island, using the LondonOlympic Parkland as an example. Using theAtmospheric Dispersion
Modelling System Temperature and Humidity model, the impact of the urban surfaces for the Parkland area (∼16 km2) is
modelled at a 400m2 grid resolution for the pre-Olympic, Olympic and Legacy periods. Temperature perturbations from
upwind values are simulated for the periods to estimate the contribution the Parkland has on local air temperatures. The results
illustrate the impact that large impermeable features such as the concourse might have on increased air temperatures during
Olympic period design conditions. In comparison, a Legacy scenario shows temperature reductions from the pre-Olympic
period due to an increase in vegetation coverage.
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1. Introduction
The Olympic Parkland development represents one of the
largest land-use changes to be experienced within London
over the past 40 years, with approximately 12.5 km2 of land
being reformed within greater London. The scale of the
alteration that theOlympic site will have on London’s urban
fabric has the potential to aﬀect the urban climate, in partic-
ular the impact that the redevelopmentwill have on the local
temperature experienced in and around the site, and also the
potential inﬂuence on London’s urban heat island (UHI).
The primary consideration of this paper is to highlight the
potential of a neighbourhood-scale urban-climate model to
investigate the impact that designs at this scale could have
on urban temperatures. We consider three designs of the
London Olympic Parkland as follows: the Olympic period
(approximately 2012/2013, after the Olympic event) and
the Olympic Legacy (approximately 2030), which are com-
pared to the pre-Olympic conditions (approximately 2006).
The proposed designs for the Legacy period are still largely
in a draft form and are likely to change prior to their
completion. The neighbourhood model is described and a
sensitivity study is undertaken to show how changes to the
model inputs provide results within expected ranges. We
also discuss the limitations of the assumptions made for the
designs and the input modelling parameters.
∗Corresponding author. Email: i.hamilton@ucl.ac.uk
1.1. The UHI
Here, we provide a brief description of the UHI – references
to more exhaustive treatments are noted in the text. In
essence, the UHI is the diﬀerence in temperature between
the urban or built environment and the surrounding rural
zone (Oke 1973, 1987; Taha 1997; Arnﬁeld 2003). The
UHI represents the impact that urban features, such as hard
surfaces and lack of vegetation, have on the rural environ-
ment, causing a diﬀerence in temperature and humidity.Oke
(1995) has described this change in the urban climate as a
visible product of local scale man-made climate change.
The UHI’s formation is broadly determined by the abil-
ity of the urban fabric and materials to capture, store and
release energy (known as energy exchange) largely from
incoming solar radiation, thus aﬀecting the surface energy
balance. The urban morphology inﬂuences heat release,
convection and advection in the urban boundary layer,
which aﬀect the surface momentum energy exchange by
altering long and short-wave radiation exchange and the
turbulence of the roughness sublayer. Urban land use and,
in particular, the location, prevalence and size of green
space contributing to evaporation and evapotranspiration
throughout the urban fabric also aﬀect the storage param-
eters of the energy exchange by reducing the amount of
incoming solar radiation absorbed by the surface as well
© 2013 The Author(s). Published by Taylor & Francis.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited. The moral rights of the named author(s) have been asserted.
120 I. Hamilton et al.
as the latent and sensible heat ﬂux. Further, sources of
anthropogenic heat emission, for example, vehicles, build-
ings and industry, add to the heat emission and aﬀect the
overall heat balance (Taha 1997; Ichinose, Shimodozono,
and Hanaki 1999; Oﬀerle, Grimmond, and Fortuniak 2005;
Hamilton et al. 2009; Sailor 2010) and have been shown
to increase the temperature due to the UHI, i.e. the UHI
increment (UHII) by 1–2◦C (Ichinose, Shimodozono, and
Hanaki 1999; Bohnenstengel et al. 2011). This source of
additional energy release is added as a positive value to the
surface energy balance. The formation and presence of the
heat island throughout a city are thus inﬂuenced by the com-
position of the urban fabric and the activities within. The
formation of the UHI is also inﬂuenced by the land use and
topography of the adjacent ‘non-urban’ zones. Sprawling
urban forms or nearby conurbations can increase the build-
up of heat in the lower boundary layer, limiting the ability
for wind and turbulence to dissipate heat built up in the core
of the urban zone (Bohnenstengel et al. 2011). For a more
exhaustive review of the UHI development we recommend
Arnﬁeld (2003) along with the other authors cited above.
Within theurban environment, theUHIwill aﬀect infras-
tructure and air quality (for instance, ozone levels) as well
the health and thermal comfort of the population (Ojima
1990; Knowlton et al. 2008; McMichael et al. 2008). The
degree of impact is highly dependent on a number of fac-
tors, including: a buildings’ ability to resist overheating; the
availability and amount of green space; the penetration of
air conditioning systems; and the type of road surfacing and
its ability to maintain structural integrity. During heat wave
periods, the UHII, i.e. the additional input of heat resulting
from the heat island, can further exacerbate these impacts.
Positive eﬀects of the UHI include reducing heat demand
in buildings in heating-dominant climates.
Strategies that aim at mitigating the UHI include the
following: increasing the albedo or reﬂectivity of the urban
surfaces to reduce the amount of solar energy captured
and stored; adding more green spaces to act as heat sinks
and increase evapotranspiration and shading; and reducing
direct sensible heat emissions from buildings and vehicles
(Environmental Protection Agency 2009).
1.1.1. London’s UHI
London’s UHI is well described (for example, Howard
1818; Watkins et al. 2002; Kolokotroni and Giridharan
2008; Bohnenstengel et al. 2011; Mavrogianni et al. 2011),
and the nocturnal summertime UHII has been shown to
be approximately 2◦C (Kolokotroni and Giridharan 2008).
During periods of extreme weather, for example, the 2003
heat wave, parts of central London were up to 10◦Cwarmer
than the surrounding rural zone (GLA 2010). The approx-
imate epicentre of London’s UHI is located to the east
of British Museum, over London’s ﬁnancial district, an
area characterized by dense urban form and little green
space.
In London, the Greater London Authority (GLA) has
identiﬁed the UHI as an important issue with respect to
summertime overheating and climate changemitigation and
adaptation. In their planning documents, the GLA have
included speciﬁc policies that require new development to
address the eﬀect they have on the UHI, there are also spe-
ciﬁc policies that attempt to target local climate change
through UHI mitigation eﬀorts, such as increasing urban
street trees (GLA 2006, 2009, 2010)
Surface features, such as the urban fraction, i.e. the
area of hard surface, are shown to correlate well with UHI
intensity (Bohnenstengel et al. 2011). Anthropogenic heat
emission sources in London have been shown to be a siz-
able component of the total heat ﬂux, as compared to the
incoming solar radiation, with emissions in dense urban
areas being the highest (Hamilton et al. 2009; Iamarino,
Beevers, and Grimmond 2012).
1.1.2. Inﬂuencing features of London’s UHI
The land use of London consists of predominantly perme-
able surfaces. Approximately 65% of the land surface area
is domestic gardens, green spaces and parks or bodies of
water, 14% is roads, rail or paths, 14% buildings and the
remaining 7% ‘other’ (Oﬃce of National Statistics 2005).
Deﬁning the ‘urban fraction’ of an area to be the propor-
tion of impermeable surfaces, on average, London’s urban
fraction is approximately 0.35; however, in areas of high
building density, this fraction can be greater than 0.5.
The annual average anthropogenic heat emission across
London is approximately 9W/m2, but can be up to
550W/m2 during a winter’s day in the core of London or
220W/m2 during a summer’s day (Hamilton et al. 2009).
In developing strategies that alter London’s urban fabric,
such as the London Olympic Parkland, the urban fraction
and contribution of anthropogenic-related heat emissions
play an important role in London’s overall UHI and changes
to neighbourhood level temperatures.
1.2. London Olympic Parkland
The total area of the Olympic development site is approx-
imately 12.5 km2, located between the borders of ﬁve of
London’s boroughs, along the Lea River Valley. Here, we
characterize the site into three periods: pre-Olympics (circa
2006), Olympic period (circa 2012/2013) and Olympic
Legacy (circa 2030) (see Figure 3). Table 1 summarizes the
Olympic Parkland development site features during these
three periods.
The pre-Olympic period has approximately 34% per-
meable area (green space, gardens and water) and 38%
impermeable urban area (i.e. buildings, roads, paths and
rail). The Olympic period sees the removal of industrial
warehouses and conversion of land along the river and the
addition of Olympic venues and green space along with a
large concourse and ‘back of house’ area throughout the
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Table 1. Olympic Parkland development site features as a
percentage of the total development area.
Pre- Olympic Olympic
Olympics period Legacy
Site feature (2006) (%) (2012)a (%) (2030)a (%)
Water 4 5 5
Domestic
buildings
0 1 1
Non-domestic
buildings
3 5 4
Roads 3 12 4
Paths 0 0 0
Rail 31 12 13
Green space 30 33 43
Domestic
gardens
0 0 0
Other 28 32 30
Total 100 100 100
aEstimates of land use are indicative only and do not reﬂect the
ﬁnal design.
site; at this time the impermeable surfaces reduce slightly
to 34% (this includes the addition of the concourse, approx-
imately 4% of the ‘Other’ category). Note that the special
requirements for pedestrian and goods and services dur-
ing the Olympic period mean that hard surfacing is present
throughout the parkland. The Legacy period proposes the
development of a new urban district surrounding the Queen
ElizabethOlympic Park,which increases the overall perme-
able fraction to 48%, approximately a 13% increase in green
space compared to the pre-Olympic period, along with an
increase in the area of buildings.
1.3. Modelling London’s UHI
Under the Engineering and Physical Sciences Research
Council-funded LUCID project, a series of scaled climate
models were developed to investigate London’s UHI (i.e.
city, neighbourhood and street), see Mavrogianni et al.
(2011) for a description of LUCID project and models,
along with Bohnenstengel et al. (2011), Porson et al. (2009)
andWhite andHolmes (2009).Here,we illustrate the poten-
tial of a neighbourhood-scale temperature model, theAtmo-
sphericDispersionModelling System (ADMS)Temperature
andHumiditymodel, to help understand the possible impact
of a development such as the proposed Olympic site on
temperatures at a local level, by using it to predict the pertur-
bations of air temperature at the Olympic development site
for the three periods of interest (i.e. pre-Olympics, Olympic
period and Olympic Legacy).
2. Methodology
2.1. ADMS Temperature and Humidity land-use model
The neighbourhood-scale ADMS Temperature and Humid-
ity land-use model (CERC 2010) uses local estimates of a
range of surface properties and the building density to cal-
culate local perturbations of temperature and humidity to
upwind meteorological (boundary) conditions predicted by
the London Uniﬁed Model (LondUM). LondUM is a time-
dependent grid-based numerical model designed to take
account of the surface characteristics of an urban area at
1 km resolution, the models is typically used for domains in
the range 1–50 km2 (Bohnenstengel et al. 2011). TheADMS
Temperature and Humidity model is a deterministic model
based on the ADMS (Carruthers et al. 1994) and brings
together previously published models for perturbations to
ﬂow, temperature and humidity into one modelling frame-
work. The key components of the model are the ADMS
meteorological pre-processing module (Thomson 2000),
which has been adapted to link with outputs from Lon-
dUM, and the ADMSmodule for ﬂow over complex terrain
(FLOWSTAR; Carruthers, Hunt, and Weng 1988), which
has been modiﬁed to calculate perturbations of temperature
(ϑi) and humidity (qi) to the upwind ﬂow over surfaces
of varying characteristics, based on the work presented by
Carruthers and Weng (1992). ϑi and qi are calculated from
the governing conservation equations using the uncoupled
variables a and b in Fourier space, which are related to ϑi
and qi over the complex surface by
ϑi = a + bpCp(S + 1)
and
qi = Sa − bpλ(S + 1) ,
where, S = (λ/cp)dq3/dT is evaluated at T = T0, qs is the
saturated speciﬁc humidity at temperature T , Cp is the spe-
ciﬁc heat capacity of air, p is the density of air and λ is the
latent heat for the vaporization of water, and the Fourier
transformation of variable a is deﬁned as
a˜ = (k1, k2, z) =
∫ ∞
−∞
∫ ∞
−∞
a(x, y, z)e−ik1x−ik2ydxdy.
We take the inverse Fourier transforms of following Car-
ruthers and Weng (1992) and calculate the perturbations in
potential temperature (ϑi) and speciﬁc humidity (qi).
The governing equations are expressed in terms of
parameters that account for perturbations to the surface
resistance to evaporation parameter and the normalized sur-
face value of the net heating perturbation. Here, the latter
parameter is calculated as the diﬀerence between the net
radiation and ground heat ﬂux perturbation parameters. The
development of the FLOWSTAR module to include the
eﬀects of a shear stress perturbation due to changes in the
local surface roughness derives directly from the analysis of
Raupach et al. (1992). Although the neighbourhood-scale
model described above is able to predict both temperature
and humidity variations, in this work only the temperature
predictions are discussed.
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Figure 1. ADMS Temperature and Humidity model set-up.
Hamilton et al. (2009) present results showing the rela-
tionship between the normalized building volume (NV)
parameter and the incoming short-wave radiation, for a sur-
face albedo of 0.2. This work is extended to cover a range of
surface albedos. It has been possible to derive a prediction
for the spatial variation of incoming short-wave radiation
with change in surface albedo and NV. The spatial vari-
ation of the ground heat ﬂux perturbations are calculated
using the local estimates of the thermal admittance and
surface resistance to evaporation parameter. The ADMS
meteorological pre-processor (Thomson 2000) calculates
hourly predictions for the upwind temperature and humidity
boundary-layer proﬁles from basic meteorological param-
eters. However, for the current study, the module has been
adapted to use estimates of the upwind surface sensible,
latent and ground heat ﬂux parameters output from the Lon-
dUM (Bohnenstengel et al. 2011) to predict more detailed
upwind boundary-layer proﬁles. Figure 1 shows the ADMS
Temperature and Humidity model relationship.
Uncertainty within the model outputs will be associ-
ated with the input upwind temperature and heat ﬂux value
parameters from LondUM, the model dynamics (i.e. the
perturbation to the mean ﬂow and turbulence due to the
surface roughness and the transport and diﬀusion of sensi-
ble and latent heat near the surface) and the speciﬁcation of
land-use changes and their relations to themodel parameters
used to represent the surface (that is, albedo, thermal admit-
tance, surface resistance to evaporation and NV). LondUM
has been shown to simulate temperatureswithin an accuracy
range of 1–2K (Bohnenstengel et al. 2011). The application
of this perturbation model to sensitivity studies demon-
strates that the sign of the perturbations due to the diﬀerent
land surface variations is generally correct – described
further below and in the appendix. For instance, increas-
ing surface wetness reduces the temperature, increasing
albedo reduces the temperature duringdaytime, and increas-
ing thermal admittance reduces the temperature in the
early morning but causes an increase in the late after-
noon and at night, as stored heat is re-released to the
atmosphere.
2.1.1. Anthropogenic heat
While the ADMS Temperature and Humidity model
described above is able to account for local perturbations in
temperature and humidity due to land-use changes, it does
not account for anthropogenic heat. The most signiﬁcant
sources of anthropogenic heat in London within an urban
area are buildings and road transport (Davies et al. 2008).
One approach tomodelling the spatial variation of heat gen-
erated from these sources is to deﬁne a heat concentration
parameter, which is analogous to a source of air pollutants,
such as NOx or particulates. In this work, we assume that
the dispersion of heat occurs in much the same way as air
pollutants and we use a Gaussian plume dispersion model
(CERC 2011) to predict the spatial distribution of anthro-
pogenic heat from buildings and roads, either on an hourly
basis, or in terms of a long-term average.
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2.1.2. ADMS Temperature and Humidity model testing
A description of the sensitivity analyses performed and
results are presented in the appendix. The results of the
sensitivity study show the perturbations to the upwind pro-
ﬁle of temperature and humidity predicted by the model
performs as expected with respect to the sign of the tem-
perature perturbation predicted for bulk changes in input
parameters. With regard to model uncertainty, it should
be noted that the morphological features of the surface
are smoothed for the model formulation and therefore the
model does not resolve temperature perturbations for the
street scale. Also, the model predicts hourly average tem-
perature perturbations, using hourly average meteorology,
but in reality there are ﬂuctuations in meteorology over
short time and spatial scales; the model does not resolve
these.
A validation of the neighbourhood ADMS Tempera-
ture and Humidity model is fully described in Stocker
et al. (forthcoming), which provides a comparison ofADMS
Temperature andHumiditymodel outputs and several mon-
itored sited around London. The work compares the model
resultswithmeasured temperatures for a ﬁxed point in space
over a selected period. The comparison results show that
the ADMS Temperature and Humidity model is able to pre-
dict plausible temperature and humidity changes that occur
due to changes in land use and anthropogenic emissions. In
addition, the input upwind meteorological parameters (i.e.
upwind temperature and heat ﬂux value) are drawn from
LondUM, which has undergone a validation testing pro-
cess (Grimmond et al. 2010, 2011). The LondUM acts as
a baseline on which the ADMS Temperature and Humidity
model perturbs the upwind temperatures due to surface and
anthropogenic parameters.
Although the testing in the appendix provides some con-
ﬁdence in the use of the model, the results presented here
should be considered as indicative and are intended, in large
part, to simply illustrate the potential value of the use of such
tools in modelling temperature at a local scale. We should
note that the ADMS Temperature and Humidity model was
used during the LondonOlympics to provide daily forecasts
of temperatures (CERC 2012).
2.2. ADMS Temperature and Humidity model inputs
The ADMS Temperature and Humidity model requires esti-
mates of the spatial variation of surface properties within
themodel domain, speciﬁcally: albedo, surface resistance to
evaporation parameter, thermal admittance, surface rough-
ness length andNV. Inorder to apply themodel to real-world
scenarios, it is necessary to obtain estimates of these param-
eters in terms of land-use data (to calculate albedo, surface
resistance to evaporation parameter and thermal admit-
tance parameter) and site morphology (to calculate surface
roughness length and NV).
For this particular study, where diﬀerent development
scenarios are of interest, information from various planning
documents has been used to make estimates of land-
use changes and anthropogenic heat from buildings. Data
associatedwith the change in road transport due to the devel-
opment were not available, although this is not seen as a
major issue, as the anthropogenic heat from transport is
modest compared to building-related emissions, i.e. in Lon-
don the annual average transport heat ﬂux is approximately
2.5W/m2 compared to 13.4W/m2 for buildings (Davies
et al. 2008).
Figure 2 shows the development area covered by the
planning data on which the Olympic development land use,
morphology and anthropogenic heat input ﬁles is based. The
hashed area is the nested region for which model results
are presented; beyond this area is a 500m buﬀer in which
model results are considered to be less accurate due to the
edge eﬀect and therefore not used in the analysis.
7 km
Figure 2. Olympic development site.
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Table 2. Summary of parameters associated with the general-
ized land-use database categories, with an additional entry for reed
beds.
Associated parameter valuesa
Surface
resistance to
Thermal evaporation
GLUD Land-use Albedo admittance parameter
code description (–) (J/(Km2 s1/2)) (s/m)
0 Unclassiﬁed 0.05 1205 200
1 Water 0.8 1545 0
2 Domestic
buildings
0.12 1505 200
3 Non-domestic
buildings
0.12 1505 200
4 Roads 0.08 1205 200
5 Paths 0.08 1096 200
6 Rail 0.08 1150 200
7 Green space 0.157 600 100
8 Domestic
gardens
0.19 600 60
9 Other (mainly
hardstanding)
0.05 1205 200
n/a Reed beds 0.14 1420 100
aData drawn from Oke (1987) and Stull (1988).
2.2.1. Land use
For the pre-Olympic base case (scenarioA), theGeneralised
Land Use Database (2006) has been utilized. Estimates of
the albedo, thermal admittance and surface resistance to
evaporation parameter have been made by creating a cor-
respondence between the aforementioned parameters and
each of the 10 land-use categories according to relevant
material parameters for the climate modelling; these data
are presented in columns three to ﬁve of Table 2. For this
study, all parameters have been calculated on a 20m× 20m
grid.
To model the Olympic development (scenario B),
updated input ﬁles are calculated based on information
fromOlympicDeliveryAuthority planning for theOlympic
period (ODA 2008). The proposed development plans
land-use features for the site are drawn in a geographic
information systemprogrammeas a series of polygons, such
as roads, paths, building footprints and green spaces. Each
polygon is then classiﬁed using the generalized land-use
database classes (see Table 2). An estimated height value,
based on descriptions within the planning documents, is
associated with polygons classed as buildings. Figure 3
shows the model domain for the pre-Olympic and Olympic
period scenarios in terms of the land-use categorizations.
The Olympic Legacy period (scenario C) inputs were
derived from documents accessed via the London Develop-
mentAgency (2008),which provided proposed land use and
built from information for the Olympic development site.
The GIS mapping was updated to include the new build-
ings, roads and paths for the Legacy period – note that the
concourse area was reduced in size.
2.2.2. Morphology
Using the method developed by Evans (2009), the mor-
phological site features for the model domain, including
the Olympic development site, were estimated using poly-
gons of the land-use feature taken from the Ordnance
Survey’s Ordnance Survey MasterMap (2010) dataset. The
process involves using the height and footprint data to cre-
ate extruded representations of the site features. These 3D
features are then used to estimate the expected roughness
features of the site, allowing an estimate of the spatial vari-
ation of the surface roughness parameter within the domain
to be estimated. The site feature extrusions are also used
to develop a 2D volume and height estimate or a NV (as
deﬁned inHamilton et al. 2009). TheNV is the total building
volume normalized by the total footprint area. In this case,
theNV is established for every grid point and is used to allo-
cate the estimated anthropogenic heat emissions (described
below).
2.2.3. Upwind meteorological data
The upwind heat ﬂux data used to drive the ADMS Tem-
perature and Humidity model were averaged from output
2006 2012/2013 (approx.)
Figure 3. Olympic development site design and land use (2005 and 2012/2013).
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of the LondUM, which outputs at 1 km2 resolution; all of
the ADMS models described above use a single, hourly
varying meteorological condition to represent the upwind
conditions entering the model domain.
The climate input used for the three periods is based on
LondUMoutputs for one-month spanningMay/June period
(1 km2 grid) for the area around the Olympic development
site for the base year of 2006. The base year is used for all
three periods in order to ensure a consistent climate pattern
Table 3. Predicted annual heat emissions for Olympic develop-
ment site.
Olympic
development Heat Coolth Electricity Total
periods (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr)
Pre-Olympic perioda
Domestic – – – 2030
Non-domestic – – – 2020
Total – – – 4050
Olympic periodb
Main stadium 4310 1350 2240 7910
Aquatic 9420 – 2270 11,690
Velodrome 3540 720 1460 5720
Indoor arena 2050 410 850 3310
Eton Manor –
tennis venue
370 70 150 590
Eton Manor –
hockey venue
350 0 250 600
IBC/MPCc
commercial
4090 1900 5690 11,680
IBC/MPC light
industrial
3600 380 1770 5740
Multi-storey car
park
0 0 650 650
Utilities 0 0 930 930
Athlete’s village 18,320 0 11,480 29,800
Total 46,040 4840 27,740 78,620
Olympic Legacy periodd
Venues 20,040 2560 7220 29,820
Multi-storey car
park
0 0 650 650
Commercial 6130 2860 8540 17,530
Industrial 8970 940 4410 14,330
Utilities 0 0 930 930
Retail 270 450 1570 2280
Leisure 0 0 0 0
Community 420 0 110 530
School 1630 210 1030 2880
Residential 27,150 0 17,330 44,490
Total 64,610 7010 41,800 113,430
aData derived from ‘MSOA’ energy statistics for London (DECC
2006).
bData derived from ‘OLY-GLB-ACC-DOC-ENG-01 Energy
Statement’ – Table 5 – Energy consumption and carbon-dioxide
emissions from buildings within the Olympic Park.
cInternational Broadcast Centre/Main Press Centre.
dData derived from ‘OLY-GLB-ACC-DOC-ENG-01 Energy
Statement’ – Table 11 – Indicative legacy energy use and emissions
excl. Athlete’s village and Stratford City.
and allow comparison between scenarios in the absence of
weather variability. Weather ﬁles that take into considera-
tion future climate scenarios, such as UKCIP09, were not
used for the runs reported here as this would have added a
further level of uncertainty to the model outputs.
2.2.4. Anthropogenic heat
The anthropogenic heat emissions are derivedusing the total
annual, domestic, non-domestic, transport and metabolic
anthropogenic energy (kWh) data for the development site
using the technique set out in Hamilton et al. (2009) and
Davies et al. (2008). This process resolves aggregate energy
demands down to a local level. For buildings, the energy is
allocated based on the NV – a value that describes the total
volume over footprint area. This means that larger build-
ings receive a greater proportion of the aggregate energy
demand. In smaller, homogenous areas, this is generally
a suitable method of estimating the total annual energy
demand where building speciﬁc estimates are unknown.
This annual energy demand is then converted into an aver-
age annual heat emission (W/m2). Using the Olympic
development site morphology and land-use input data, the
grid points are ﬁltered according to their classes and the
anthropogenic energy is then apportioned to those points
classed as ‘Domestic Building’ and ‘Non-domestic Build-
ing’ (i.e. class 2 and 3) for all points with a NV greater than
zero, in proportion to the size of the value. In this work, we
exclude emissions from transport and people.
The anthropogenic heat emissions (W/m2) for the three
Olympic periods are modelled using total energy demand
estimates drawn from Olympic Delivery Authority plan-
ning documents (ODA 2007). The total annual average heat
emission for the venues and Olympic Athletes Village (see
Table 3) is then associated with the relevant grid points that
describe the venues, Village and legacy development; these
values are then used in the modelling of the anthropogenic
heat dispersion. These ﬁgures are indicative and highly
dependent on the assumptions regarding the expected activ-
ities for the proposed building types and their expected
energy eﬃciency. The values shown in Table 3 are con-
verted into an annual average heat emission (W/m2) when
associated with the relevant grid point.
3. Results
The land-use and anthropogenic heat models are used to
calculate predictions of temperature variation on an hour-
by-hour basis, at either particular receptors, or on a regular
output grid.
Figure 4 compares the average diurnal proﬁles for two
locations within the modelling domain. The plot shows the
average, minimum and maximum temperature perturbation
diurnal proﬁles at two selected receptors: Stratford New
Town (SNT) depot (black lines/circles) and the Hackney
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Figure 6. Modelled temperature perturbations to the upwind boundary-layer proﬁle at 2m due to land-use variations: (a) 07:00, (b) 12:00,
(c) 19:00 and (d) 24:00 on 10 June 2006.
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Figure 7. Modelled temperature perturbations to the upwind boundary-layer proﬁle at 2m due to land-use variations 19:00 on 10 June
2006 overlaid onto a map. ©Crown copyright, All rights reserved. 2009 Licence number 0100031673.
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Figure 8. Modelled temperature perturbations to the upwind boundary-layer proﬁle at 2m due to land-use variations at 19:00: (a) 2012
and (b) 2030.
Marsh (HM)wetlands area (red lines/circles). The locations
have been chosen to represent locations within the domain
that achieve the extremes of the temperature variations, i.e.
the SNT receptor is warmer than an average, and the HM
receptor is cooler than average, although the receptors are
only 1 km apart (refer to Figure 6 for locations). The model
predicts that the maximum temperature perturbations occur
during the hottest time of the day, i.e. during the afternoon.
As a consequence, the maximum diﬀerence in temperatures
between the two receptors, which is over one-and-a-half
degrees, is greatest at this time.
Within the month period, three days were selected to
be of particular interest due to relatively high temperatures.
Figure 5 shows the upwind temperature (at 5m) and wind
speed (at 2.5m) values for this period, which have been
derived as a spatial average of the LondUM output. It can
be seen that during this period, the diurnal temperatures
are increasing, and the night time temperature on the third
night does not drop below 20◦C. The black circles indi-
cate the times the gridded model output is presented, i.e.
(a) 07:00, (b) 12:00, (c) 17:00, (d) 24:00 – referred to in
Figure 6.
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Figure 9. Diﬀerence plots of modelled temperature perturbations to the upwind boundary-layer proﬁle at 2m due to land-use variations
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Figure 10. Modelled temperature increment to the upwind
boundary-layer proﬁle at 2m due to anthropogenic heat from
buildings at 19:00 (corresponding to Figure 7(c)).
3.1. Temperature for Olympic Parkland periods
Figure 6 shows contour plots of predicted temperature per-
turbations from the upwind proﬁle at 2m, for the hours
indicated in Figure 5. In the early morning, the temper-
ature is almost independent of the land use. At midday,
there is a clear spatial pattern over the area, with the model
predicting around a two-degree diﬀerence between the tem-
peratures in the wetlands area compared to those in the SNT
depot – locations which are just over a kilometre apart, but
have signiﬁcantly diﬀerent physical properties. In the early
evening around 19:00, the model predicts in excess of a 3◦C
diﬀerence in temperature between these two areas. This spa-
tial variation decreases in magnitude over the course of the
evening, to around a one-and-a-half degree diﬀerence by
midnight.
Figure 7 shows the temperature perturbation at 19:00
overlaid onto a map. The temperatures predicted by the
model are clearly related to the underlying land use, as
would be expected. Note that the prevailing wind direction
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Figure 11. Diﬀerence plots of modelled temperature increments to the upwind boundary-layer proﬁle at 2m due to anthropogenic heat
from buildings at 19:00 between 2006 and (a) 2012 and (b) 2030 (corresponding to Figure 9(a) and 9(b)).
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for this hour was easterly and the advection of cool air can
be seen to some extent in the north-western section of the
study area.
Figure 8 shows the spatial variation of temperature pre-
dicted by the model at 19:00 for scenarios B and C, i.e.
the plots corresponding to Figure 6(c). The change in land
use in the SNT depot area has, in general, reduced the tem-
peratures in this area, slightly in 2012, and signiﬁcantly in
the Legacy development, which includes an increase in the
green area. In order to see the overall reduction in temper-
ature relative to the pre-Olympic land usage, Figure 9(a)
and 9(b) shows diﬀerence plots overlaid onto maps. The
diﬀerence plots illustrate the eﬀect of the concourse and
‘back of house’ features, which account for a signiﬁcant
proportion of theOlympic development area in theOlympic
Period. The temperature diﬀerences here will be ultimately
sensitive to the selected material parameters. The Olympic
Legacy Site shows the inﬂuence of removing the hard sur-
faces (i.e. the concourse and ‘back of house’) despite the
increased development density.
3.2. Anthropogenic heat
We also consider the change in anthropogenic heat due to
new buildings on the Olympic site. Note that additional
heat generated from the change in traﬃc behaviour is not
included as part of this study.
Figure 10 shows a contour plot of the predicted tempera-
ture increment due to the anthropogenic heat from buildings
in the model domain at 19:00 on 10 June 2006. The diﬀer-
ence in scale of this plot compared to Figure 6(c) shows that,
certainly for scenario A, the heat released from buildings is
relatively small compared to the perturbations in tempera-
ture due to changes in land usage. Figure 11(a) and 11(b)
shows diﬀerence plots for anthropogenic heat related to the
pre-Olympic period, which correspond to those shown in
Figure 9. The change in anthropogenic heat predicted by
the model between the diﬀerent scenarios is considered to
be negligible.
4. Discussion
The results from the modelling of the London Olympic
Parkland development illustrate how land-use and anthro-
pogenic features can be taken into account in a local climate
model and thus to assess the impact of a design proposal on
local temperatures. In this paper we discussed the applica-
tion a neighbourhood climate tool, i.e. ADMS Temperature
and Humidity model, for modelling the temperature per-
turbation of three diﬀerent design stages of the London
Olympic Parkland site. Although the design and results are
indicative, this paper illustrates how a tool of this type could
be used to investigate the impact on local temperatures and
theheat island in the designprocess. For example, during the
Games or 2012/2013 period, it is shown that the addition of
the concourse, a relatively large impermeable surface fea-
ture of the site, has the eﬀect of increasing local near-surface
air temperature perturbations as compared to the baseline
2006 period. This is largely the result of the decreasing
the surface albedo and increasing the area of high thermal
admittance. These results are aligned with the analysis of
weather and site parameters in Kolokotroni and Giridharan
(2008). It is also shown that removing the concourse in the
Legacy period and replacing it with permeable vegetated
features reduces local temperatures as compared to the 2006
baseline. Note that although it is possible to quantify the
impact of a development using this type ofmodel, the results
shown have a degree of uncertainty associated with the
inputs and of the model formulation, and thus will repre-
sent a ‘snapshot’ or average of the land use, activities and
weather experienced. Therefore, the results shown here are
meant to reﬂect themagnitude anddirectionof perturbations
that land-use changes associated with the London Olympic
Parkland might have on local near-surface temperatures
against a speciﬁed baseline.
Quantifying the relative impact that land-use and activ-
ity changes will have on local temperatures provides a
basis to explore development designs at an early stage in
the design process and presents an opportunity to poten-
tially avoid otherwise unintended consequences associated
with the design, as discussed in Hamilton, Davies, and
Gauthier (2012). For example, not knowing or understand-
ing how a developmentmay change local temperature could
result in discomfort during warm periods, which may have
a detrimental impact on health and well-being, and may
stress infrastructure and increase the demand for cooling. A
strength of this integrated approach is that it can provide a
direct quantitative, albeit relative, feedback to the designer
of the impact that diﬀerent design options may have on
temperatures at diﬀerent times of day and year, meaning
that ﬁnding a design that can mitigate summer overheat-
ing and accrue winter beneﬁts is more readily achievable.
The use of this type of tool illustrates how an integrated
design approach can oﬀer beneﬁts to designers and policy-
makers, in knowing what the likely impact will be and in
particular for those areas that require UHI or climate change
temperature mitigation.
5. Conclusions
This study presents a method of modelling perturbations to
near-surface air temperature using the ADMS Temperature
and Humidity model implementation, a neighbourhood-
scale model that considers the impact of land use and
morphology. The London Olympic Parkland site case
study is used to illustrate the capabilities of such a model
and the type of impacts that land-use changes can have,
for a given set of designs and assumptions, on perturb-
ing local neighbourhood-level temperatures. We modelled
near-surface temperature perturbations from upwind values
for a 16 km2 domain encompassing theOlympic Parkland at
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a 400m2 grid resolution for the pre-Olympic, Olympic, and
Legacy periods to estimate the contribution the Parkland
could have on local air temperatures.
The results of the modelling demonstrated how the
development of the Olympic Parkland could inﬂuence local
temperatures. These results are indicative but oﬀer a useful
assessment of the type and scale of temperature perturba-
tions associatedwith changes in land use and anthropogenic
heat emissions. The baselinemodel illustrates how the land-
use features perturb the upwind temperature depending on
the time of day, with a relative peak positive perturbation
in temperature in the evening over the SNT development
and a negative perturbation during the daytime over the
HM. The potential impact of the 2012/2013 period devel-
opment is to increase the local temperatures as compared
to the 2006 baseline, which is attributed to the addi-
tional impermeable surfaces used for the concourse. The
potential impact of the Legacy development is a negative
perturbation of the upwind temperatures as compared to
the 2006 baseline, which is attributed to the reduction of
impermeable land cover and an increase green space. The
relative impact of anthropogenic heat emissions on perturb-
ing the upwind temperature is shown, in this case, to be
small.
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Appendix. ADMS Temperature and Humidity
sensitivity studies
Extensive sensitivity testswere performed during the development
of the ADMS Temperature and Humidity model. Each of the ﬁve
parameters that deﬁne the land use and morphology were varied
within physically realistic ranges; the parameter space of values
used for the investigations are given in Table A1. The model set-
up has a domain of size of 36 km2 in which all parameters were
kept constant, with the exception of an inner square region of
size approximately 1 km2, in which the parameter values were
varied. The perturbations to the upwind proﬁle of temperature and
humidity predicted by themodelwere inspected in details to ensure
that the model behaves as expected. For these investigations, the
upwind meteorological conditions are output from LondUM for a
three-day period in June 2008.
The model results for some particular cases are given in
Figure A1. The average diurnal variation of temperature over the
three-day period is presented for a location towards the downwind
edge of the inner region. The temperature perturbation output from
themodel is ‘at 2m’, recalling that themodel does explicitlymodel
the three-dimensional features of the urban landscape. The param-
eters deﬁned in the outer region are taken to represent an ‘urban
base case’ (given in bold in Table A1). For each of the test cases,
one parameter is altered within the inner region.
The model output is discussed below:
Test 1. Increasing albedo
The value of albedo used in the inner region is 0.4, compared
to the value of 0.1 used in the outer region. This change in
albedo could represent an area where the buildings had been
constructed of materials with a higher than usual reﬂectivity,
or alternatively, the buildings could be painted with a light
colour. The inner region reﬂects more of the short-wave radi-
ation compared to the outer region, and as a consequence the
temperature is lower. This phenomenon only occurs during
daylight hours, and the minimum in temperature predicted
by the model corresponds to the time at which the incoming
solar radiation is highest, i.e. at midday.
Test 2. Decreasing building density
The building density for the ‘urban base case’ was selected
as a case where the buildings were reasonably close together,
such as occurs in some southern European cities. Decreasing
the building density (taking a NV of 2.5m) allows more
incoming short-wave radiation to be trapped between the
buildings, which leads to an increase in temperature close to
the ground. This phenomenon only occurs during daylight
Table A1. Summary of sensitivity tests performed with the
ADMS Temperature and Humidity model.
Surface
resistance to
Thermal evaporation Surface
Albedo admittance parameter roughness NV
Range (–) (J/(Km2 s1/2)) (s/m) (m) (m)
Lower 0 500 0 0.001 0
0.1 1000 50 0.01 2.5
Mid 0.2 1500 100 0.1 5
0.3 2000 200 1 10
Upper 0.4 2500 300 2 20
Note: Parameters in bold indicate those used to represent the
‘urban base case’ for outer domain in the sensitivity testing.
132 I. Hamilton et al.
–1.00 
–0.75 
–0.50 
–0.25 
0.00 
0.25 
0.50 
0.75 
0 6 12 18 24 
Te
m
pe
ra
tu
re
 p
er
tu
rb
at
io
n 
re
la
tiv
e 
to
 u
pw
in
d 
(K
) 
Hour of the day 
Test 1 - Increasing albedo Test 2 - Decreasing building density 
Test 3 - Decreasing thermal admittance Test 4 - Increasing surface moisture 
Test 5 - Decreasing surface roughness 
Figure A1. Sensitivity test results: average diurnal temperature perturbations for a three-day period in June 2008. Values shown are for
a point in the inner domain, close to the downwind edge.
hours, and the maximum in temperature predicted by the
model corresponds to the time at which the incoming solar
radiation is highest, i.e. at midday. It should be noted that
the model does not account for the changes in long-wave
radiation relating to building density variations.
Test 3. Decreasing thermal admittance
The thermal admittance of the inner domain was selected
to approximately represent that of a parkland area, that is
500 J/(Km2 s1/2). This lower thermal admittance leads to
increased temperatures during the day relative to the outer
domain, as less heat can be stored in the ground. Conversely,
in the late afternoon and during the night, the temperature in
the inner domain is reduced, as there is less heat available
for re-release.
Test 4. Increasing surface moisture
The inner domain is taken to have an increased amount
of moisture compared to the outer domain, for instance, a
parkland area with paths and some buildings (surface resis-
tance to evaporation value of 100 s/m). There is a decrease
in temperature in the inner domain throughout the day and
night, with the minimum local temperature perturbation cor-
responding to the time at which the ambient temperature
achieves a maximum value.
Test 5. Decreasing surface roughness
The roughness in the inner domain is decreased to 0.1m, a
value that in reality is too low to be representative of any land
use within an urban area, and as such this test should be con-
sidered to be for demonstration purposes only. The decrease
in roughness causes a slight increase in the temperature dur-
ing the daytime, as the temperature proﬁle has an increased
gradient in the low roughness area. As the gradient of the
temperature proﬁle is inverted at night, the consequence of
the region of decreased roughness is a very slight decrease
in temperature at that time.
The selection of tests discussed above demonstrates that theADMS
Temperature and Humidity model performs as expected with
respect to the sign of the temperature perturbation predicted for
bulk changes in input parameters.
